The paper analyzes the current state of technology of powder steels and potential use in its objectives methodology of multifractal parameterization. The objects of study were samples microstructure of carbon steels. Tasks in the study necessitated the use of standard methods for determining the mechanical properties of the metal, the method of multifractal parameterization, metallographic examinations and standard methods of statistical processing of the results. The influence of the conditions for obtaining images of the microstructure (magnification, the type of etchant, plane grinding) on multifractal parameters uniformity and order was studied. The conditions for image acquisition, excluding distortions of multifractal parameters were found. It was found that the use of multifractal parameterization provides increased strength characteristics of up to 8-10% and significantly (up to 40%) to reduce the cost of optimization by reducing the number of experimental studies.
INTRODUCTION
Recently there has been rapid development of technologies for the production of engineering products from powder materials. For example, of the powder steels are manufactured sealing, anti-friction, friction and other engineering products, whose properties are determined by the composition of powder steels, their structure and technology of obtaining.
A characteristic trend in the development of materials science at the present stage is the transition from intuitive-empirical approach to evidence-based methods of "design" in material and workmanship of them knowledge-based engineering products. To the fore the problem of purposeful obtaining materials and products based on them, the management of their structure and properties through the use of basic scientific knowledge. One of the new approaches to solving this problem is based on the method of multifractal (MF) parameterization of the images of the microstructure.
Practical utilization of parameterization in improving materials and processes allows to push the idea of applying the methodology applied to the iron-based alloys 1 .
One of the most important in this regard is that of improving the strength properties of steels, including powdered ones. To solve this problem it is necessary to establish a correlation between the mechanical properties and microstructure parameters MF 2 of powder alloys and determination of the optimal composition of alloying elements using MF charts: ordering-uniformity.
In view of the above, for the improvement of the strength properties of powder alloys it is expedient to use MF-parameterization. As a costeffective, accurate and rapid means of analysis of the structure of materials, the MF-parameterization can be used to identify regularities in the formation of the microstructure of steels and prediction of their mechanical properties. Harnessing the power of MF-parameterization 3, 7-10 , subject to appropriate adaptation and to identify the necessary relationships that may increase the effectiveness of improving the properties of alloy powders for the manufacture of engineering products.
MATERIAL AND METHODS
In the studies to establish correlations among the multifractal parameters and conditions for obtaining images of the microstructure of carbon steels there were used photographs obtained by digital photography at various magnifications. Thin sections were prepared for photomicrography on samples of steel 10, 20 and 45 to the etching of thin aqueous solutions of nitric (2%), picric (5%) acids, as well as solutions of ferric chloride in hydrochloric acid.
When studying the relationship of multifractal parameters and properties of carbon and alloy steels there were used powder photographs obtained by digital photography at different magnifications.
For the preparation of powders of samples following particle-size composition: Fe -45-160 micrometers, Cu -70 micrometerss, Mo -5 micrometers, Ni -20 micrometers. In the manufacture of samples of powder steels molding was carried out under a specific pressure of 5.5 t / cm 2 using a hydraulic press. Exposure during sintering was performed in an environment of dissociated ammonia according to the following program: 200 ° C -1 hr 15 min, at 600 ° C -1 hour, at 1150 ° C -2 hours. Samples are interspersed with a mixture of alumina and 9.7% graphite.
Resintering was performed at 1150 ° C for 2 hours. The main results are obtained using the methods of mechanical testing, metallographic analysis and multifractal parameterization [4] [5] [6] .
The Basic Part
In this paper we studied the effect of the optical zoom photography. For calculations of the characteristics of order [delta] q = D 1 -D q and homogeneity (f q ) program multifractal analysis MFRDrom was used, developed by G.V. Vstovskii 3, 10 . Multifractal analysis was performed on the canonical spectra for type-busting scale Fe and variant generation measures for black pixels.
To assess the impact of the degree of increase in the multifractal parameters the following experiment was performed. By digitally photographing images of the microstructure there were obtained steels 10, 20 and 45 after etching a 2% solution of nitric acid in ethanol. Photographing each steel was performed at a magnification: × 50, × 100, × 200, × 500 and × 1000. Further, the images were subjected to software processing using software MFRDrom. One can also talk about the approximate coincidence of the curves homogeneity (f q ), which confirms the assumption of a relatively weak relationship homogeneity (f q ) and zoom microstructure. The main result of the change of grade of steel was the vertical displacement of the graphs of both the characteristics of [delta] q , f q relatively similar curves plotted for steel 10. In addition, each successive zone occupied a smaller area compared to the previous one, but some form of it was adequate. This feature allowed for the assumption of the fractal properties of [delta] q -f q -diagrams.
There was found an opportunity to determine the optimal content of alloying elements using the diagram: ordering -uniformity. Among the potential applications of the multifractal parameterization is of interest to optimize the composition of powdered iron-based alloys. This task today is relevant to engineering and other industries.
In this paper we analyzed the effectiveness of the methods of MF parameterization in improving the composition of the copper-nickel alloy powders. At the first stage the search for optimal composition of alloying elements was carried out according to traditional methods, by constructing a matrix of experimental design and finding the target response function. The content in the experimental samples of copper (Cu) and nickel (Ni) was varied in the range 2.5-3.0% and 2.0-2.5% respectively.
To examine the relationship of multifractal parameters of the microstructure and mechanical properties on the samples there were prepared Microsections and then produced etching and photography microstructure. On the values that the tensile strength when tested in compression [sigma] received experimental points was found, the response function. Graphic representation of the corresponding surface shown in Figure 2 . 140 and the hardness of HB, as well as between the characteristics of homogeneity f 160 and f 200 and concentrations alloying elements. We propose a method for indirect evaluation of mechanical properties, which allows to reduce costs compared to mechanical tests.
Summary
Improvement of the strength properties of copper-nickel powder steels was conducted using fractal (periodic) chart properties: orderinguniformity. Harnessing the power of MFparameterization provides increased strength characteristics up to 8-10% and significantly (up to 40%) to reduce the cost of optimization by reducing the number of experimental studies.
